Spring 2012 
EE 330 
ENGINEERING ELECTROMAGNETICS 


HW 1: L3, 1.5 LIS, 1.17, 1.29 


Problem 1.3 A harmonic wave traveling along a string is generated by an oscillator 
that completes 180 vibrations per minute. If it is observed that a given crest, or 
maximum, travels 300 cm in 10 s, what is the wavelength? 


Solution: 
180 
= —— 3H 

J 60 
300 

Up = = = 0.3 m/s. 

10s 
0.3 

ta = Shi men 

f 3 


Problem 1.7 A wave traveling along a string in the +x-direction is given by 
y1(x,t) 2 Acos(ot — Bx), 


where x = 0 is the end of the string, which is tied rigidly to a wall, as shown 
in Fig. P1.7. When wave vi(x,f) arrives at the wall, a reflected wave v2(x,f) is 
generated. Hence, at any location on the string, the vertical displacement y, is the 
sum of the incident and reflected waves: 


ys(x.f) =i (x,t) +y2(x,t). 


(a) Write an expression for y2(x,t), keeping in mind its direction of travel and the 
fact that the end of the string cannot move. 

(b) Generate plots of (x,t), v2(x,t) and y,(x,t) versus x over the range 
—2À € x € 0 at ot = 7/4 and at ot = 7/2. 
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—— 
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Figure P1.7: Wave on a string tied to a wall at x — 0 
(Problem 1.7). 


Solution: 

(a) Since wave y2(x,t) was caused by wave y1(x,7), the two waves must have the 
same angular frequency w, and since y2(x,7) is traveling on the same string as yı (x,t), 
the two waves must have the same phase constant B. Hence, with its direction being 
in the negative x-direction, y2(x,t) is given by the general form 


y2(x,t) = Bcos(wt + Bx + oo), (1) 
where B and 69 are yet-to-be-determined constants. The total displacement is 
ys(x,t) = yı (x,t) +y2(x,t) = Acos(@t — Bx) + Bcos(@t+ Bx 4- dp). 


Since the string cannot move at x = 0, the point at which it is attached to the wall, 
y;(0,t) = 0 for all . Thus, 


ys(0,7) = Acos @t+ Bcos(ot + do) = 0. (2) 


(1) Easy Solution: The physics of the problem suggests that a possible solution for 
(2) is B = —A and $$ = 0, in which case we have 


y2(x,t) = —Acos(ot + Bx). (3) 
(11) Rigorous Solution: By expanding the second term in (2), we have 
Acos Qt + B(cos wt cos dp — sin œt sin do) = 0, 


or 
(4+Bcos 9) cos ot — (Bsin go) sin oot = 0. (4) 


This equation has to be satisfied for all values of /. At t = 0, it gives 
A+ Bcos ġo = 0, (5) 


and at wt = 1/2, (4) gives 
Bsin ġo = 0. (6) 


Equations (5) and (6) can be satisfied simultaneously only if 
A=B=0 (7) 


or 
A—-B and ¢=0. (8) 


Clearly (7) is not an acceptable solution because it means that y1(x,7) = 0, which is 
contrary to the statement of the problem. The solution given by (8) leads to (3). 
(b) At ot = 77/4, 


y1 (x,t) = Acos(z/4 — Bx) = Acos = 2:3 
4 À 
y2(x,t) = —Acos(ot + Bx) = —Acos (5 + 3 


Plots of y1, v2, and y3 are shown in Fig. P1.7(b). 


Qt-7uU/4 


Figure P1.7: (b) Plots of y1, y2, and y, versus x at œt = 7 /A. 
At of = 7/2, 
. 2nx 
y1(x.£) = Acos(x/2 — Bx) = Asin x = Asin FI. 
. . 27x 
y2(x,t) = —Acos(x/2 + Bx) = AsinBx = Asin EN 


Plots of v1, v2, and y3 are shown in Fig. P1.7(c). 


wt=1/2 


Figure P1.7: (c) Plots of y. y2, and y, versus x at wt = 77/2. 


Problem 1.13 The voltage of an electromagnetic wave traveling on a transmission 
line is given by v(z,t) = Se~® sin(4z x 10?r — 20zz) (V), where z is the distance in 
meters from the generator. 

(a) Find the frequency, wavelength, and phase velocity of the wave. 

(b) Atz — 2 m, the amplitude of the wave was measured to be 2 V. Find o. 


Solution: 

(a) This equation is similar to that of Eq. (1.28) with œ = 4z x 10? rad/s and 
p = 20zrad/m. From Eq. (129a), f = @/2a = 2 x 10? Hz = 2 GHz; from 
Eq. (1.29b), A = 2z/B = 0.1 m. From Eq. (1.30), 

up = @/B — 2 x 10° m/s. 


(b) Using just the amplitude of the wave, 


2=50%, a= ni (2) = 0.46 Np/m. 


Problem 1.17 Complex numbers z; and z2 are given by 
Zp eed j2 
Z2 = —4+ j3 


(a) Express z1 and z2 in polar form. 

(b) Find |z1| by first applying Eq. (1.41) and then by applying Eq. (1.43). 
(c) Determine the product z122 in polar form. 

(d) Determine the ratio 7; /7? in polar form. 

(e) Determine z1 in polar form. 


Solution: 
(a) Using Eq. (1.41), 


2 -3-j2—3.66 797. 
zy = —44 j3 = 5e 9. 
(b) By Eq. (1.41) and Eq. (1.43), respectively, 
I| = |3 — j2| = 4/32 + (22? = V13 = 3.60, 
m= B= 20472) =Vb=3.00. 
(c) By applying Eq. (1.47b) to the results of part (a), 
y applying Eq P 
2129 — 3.6e PIT x 59/3." — 18671094, 
(d) By applying Eq. (1.48b) to the results of part (a). 
y appiying Eq P 


no 3.66337 


- o 
= — p 07267705, 
22 5egJ'^?. 


(e) By applying Eq. (1.49) to the results of part (a), 


á- (3.66.39 y" _ (3.6 x37 — 46.66e 71011. 


Problem 1.29 The voltage source of the circuit shown in Fig. P1.29 is given by 
v(t) = 25cos(4 x 10t — 45°) (V). 


Obtain an expression for ij (1), the current flowing through the inductor. 


R, =20Q, R 2300, L 204 mH 


Figure P1.29: 


Solution: Based on the given voltage expression, the phasor source voltage is 
V-25e77 (V). (9) 


The voltage equation for the left-hand side loop 1s 


Ryit+ RiR, = Vs (10) 
For the right-hand loop, 
dij, 
Rig =L— , 11 
2İR, 2 (11) 
and at node A, 
i= ip, +h (12) 
Next, we convert Eqs. (2)-(4) into phasor form: 
Ril + Role, = V, (13) 
Rol, = joLk, (14) 
T=In+h (15) 
Upon combining (6) and (7) to solve for Ig, in terms of J, we have: 
Ell] 4 ur (16) 


> Ra joL 


Substituting (8) in (5) and then solving for 7 leads to: 


~ jROL +- = 
Ru gc 
UTEbd4uE 
~ jRaoL ~ 
IR ————— | =T: 
( Aii 7) ° 
R54 joL nó. 
" R4 joL m 
I= | —_——__ |r.. LI 
Ex T joL(Ri =a) i a7) 


Combining (6) and (7) to solve for I in terms of J gives 


- R x 


Ec Se 18 
LU R-joL (9) 


Combining (9) and (10) leads to 
h= | = or dS 
Ry + joL / \RıRı + jØL(Rı + R2) 


R2 


E MEE 
RıR2 + c joL(Ri + R2) 


Using (1) for V, and replacing R1, R2, L and œ with their numerical values, we have 


Å = a... eee 25e J45 
20 x 30+ j4 x 10^ x 0.4 x 10-3(20+ 30) ^ 
_ 30x25 jas 
600 + 7800 
— j45° 
_ 75 ae _ 75 oge (A) 
6+ 78 106/551 


Finally, 


ij (r) = Rell] 
= 0.75cos(4 x 10t — 98.1?) (A). 


